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MAGNETRON GENERATOR 
Carmen L. Cuccia, Princeton, N. J., assignor to 
Radio Corporation of America, a corporation 
of Delaware 
,pplication July 31, 
18 Clams. 
1 
This invention relates generally fo magnetron 
microwave generators and more particularly to 
improved means for frequency modulating or 
amplitude modulating mircrowave generators of 
the magnetron type. 
In its basic form, the conventional magnetron 
microwave generator comprises a centrally dis- 
posed thermionic cathode surrounded by a plu- 
rality of radially extending anode vanes or seg- 
ments which form a plurality of radially extend- 
ing anode cavity resonators tuned to the operat 
ing microwave frequency. A source of constant 
operaçing potential is connected between the 
cathode and anode in a manner whereby the 
anode is at a positive direct-current potençial 
with respect to the cathode. A substantially 
constant intensity magnetic fleld is applied 
 axially to the cathode-anode chamber. Electri- 
cal charges accumulate on the anode varie tips 
adjacent to the cathode, resulting in oscillatory 
electric flelds, hereinafter termed electric flelds, 
in the anode cavity resonators which flelds inter- 
ac wiçh the electrons travelling in cycloidal 
paths from the cathode to the anode, thus ab- 
stracting energy from the travelling electrons 
and producing sustained oscillations at the op- 
erating microwave frequency. An inverted vari- 
ation of the conventional magnetron structure 
comprises a centrally disposed gear-shaped anode 
having a plurality of radiallyextending periph- 
eral anode cavities, the anode structure being 
surrounded by a cylindrical electron-emissive 
cathode, and the entire structure being subjected 
to an axial constant intensity magnetic fleld. 
In accordance with the instant invention, the 
geometries of the conventional and inverted mag- 
netron generators described heretofore are com- 
bined in a manner whereby a centrally disposed 
cathode and surrounding radially disposed anode 
vanes comprise a magnetron generator, and a 40 
peripherally disposed ring-shaped second cath- 
ode surrounds an axially-extended portion of the 
anode, the entire structure being subjected to a 
constant intensity magnetic fleld extending trans- 
verse to the path of electrons ri'oto the cathodes 45 
to the anode. The anode is positively biased 
with respect to both of the cathodes whereby the 
central cathode and intermediate anode struc- 
çure comprise a conventional magnetron genera- 
çor. The ring-shaped second cathode, surround- 50 
ing the extended portion of the anode, provides 
supplementary electron emission which is caused 
to interact with the electric flelds established be- 
tween the anode cavity resonator vanes in a man- 
ner whereby the frequency or the amplitude, or 55 
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both, of the generated oscillations may be modu- 
lated. A shield or other device disposed between 
the second cathçde and the remaining portion of 
the anode structure, and biased negatively with 
5 ,:respect to the anode structure, causes the elec- 
tron emission from the second cathode to be di- 
rected substantially only to the extended por- 
tion of the anode structure, and to be effectively 
shielded from the remainder of the anode struc- 
10ture. 
If desired, the simple second cathode and cath- 
ode shield structure may be replaced by a more 
elaborate ring-shaped modulating electron gun 
structure including a control grid and, if desired, 
1 additional electron beam-forming grids, whereby 
electrons emitted from the inside surface of the 
modulating electron gun ring are directed sub- 
stantially only to the extended anode cavity varie 
tips. 
20- When a novel magnetron of the type described 
is operated with suitable magnetic fleld and di- 
rect-current operating potentials applied between 
the anode and the two cathodes, microwave oscil- 
lations will result, and electric flelds of the de- 
25. sired mode of operation will be established in the 
cavity resonators between the anode vanes. 
When an electric fleld is established inside the 
resonator, an electric fleld of the saine angular 
velocity will exist between the adjacent extended 
30; anode vane tips on the outside thereof, in the 
space between the varie tips and the modulating 
outer cathode. If, during oscillation, a direct- 
current potential is impressed between the modu- 
lating cathode and the anode vanes, then, due 
25 to action of the magnetic fleld, the electrons 
emitted by the modulating cathode wfll travel 
toward the vane tips in cycloidal paths and inter- 
act with the outside varie tip electric fleld and 
induce currents in the varie structures. The 
axial magnetic fleld, the geometry of the tube 
structure, and the direct-current operating 
tentials applied thereto, can be so adjusted that 
these induced currents are out-of-phase with 
the normal circulating currents in the vanes, and 
a frequency shift, or a change in oscillation ampli- 
tude, or both, can be obtained. All of the axially. 
disposed anode cavity resonators are subjected 
to the saine interaction simultaneously so that 
electric fleld symmetry is preserved. 
A modification of the devices described hereto- 
fore utilizes a plurality of effectively axially- 
elongated parallel-disposed anode cavity reso- 
nators, as distinguished from the radially-extend- 
ing cavity resonators, where!n the parallel-dis- 
posed resonators simulate a cylindrlcal shell« 
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4 
and will no be descrtbed in detail herein. Micro- 
wave energy for a load, not shown, ts dertved 
ïrom a coupling loop 9 coupled into one of the 
anode cavity resonators   ïormed by the radial 
5 anode vanes 3 and the conductive outer wall 
The anode cavity resonators are tuned o resonate 
in radial modes ai the desired operating ïre- 
quency. The coupling loop 9 is coupled through 
a coaxial line 3 fo the load. 
10 Figure 2 illustrates an inverted modification 
of. the standard magnetron generator of Figure 
1. wherein the elements are inter-changed, the 
anode comprising a central cyllndrical element 
§having a plurality .of radially extending vanes 
15 3', the anode structure being surrounded by an 
evacuated metallic cylindrical envelope 5'. The 
inner surface of the cylindrical envelope 5' sup- 
ports, a_ring-shaped cathode ' which may be 
either directly or indirectly heated. The out- 
20 put coupling loop 9' is coupled through a sultable 
aperture 7 in the anode structure 5.to an ex- 
ternal load hot shown. The spaces between ad- 
jacent anode vanes 3' comprise the anode 
sonators which are tuned fo resonate in radial- 
2 modes ai the operating microwave ïrequency. 
In either of the devices of Figures 1 and 2, 
ternate anode vane tips may be connected to- 
gether by one or more pairs of concenhric .anode 
varie connector rings in accordance with known. 
S0. technique, and as shown in Figures S, 4 and 5. 
Reïerring fo Figures S and 4, a combination 
of the structures of Figures. 1 and 2 is employed, 
according fo the invention, to provide a micror 
wave magnetron generator having a modulating 
electï'on-emissive structure disposed externally 
of a portion of the anode vane tips. The cen- 
tral cathode , supported by suitable means not.. 
shown, is surrounded by a plurality, of radially. 
extending anode vanes 3. enclosed within an 
oe evacuated metallic envelope 5 .as in the device 
- Figure 1. The anode vanes deflne therebetween 
a plurallty of anode cavity_resonators tuned to 
resonate in radial modes, af the. operating 
quencF. The inner ends: or varie tips 9. of the. 
45 anode vanes 3 are extended axially, upwardly 
in Fig. 3, and alternate vanes are connected 
gether by a pair of concentric rings 2. Similar. 
rings 23 connect together alternate ones of the 
anode vanes 3 ai the lower ends. thereof. The 
50 projecting varie tips 9 and tings.: are sur- 
rounded by a ring-shaped second cathode 
shielded ïrom the remainder of the anode vane 
structures by a ring-shaped shield ] which 
maintained af the saine potential as the second 
5 cathode 5, or, may be negatively btased with 
respect thereto. The anode vanes 3 are posi- 
tively biased with respect fo the central cathode 
 and with respect fo the outer or modulating 
cathode 25, so that the rings 2  serve, as collector 
60 rings. A source of modulating signals ts con- 
nected between the outer cathode 25 and the 
anode vane structure t vary the reactive or. con- 
ductive effect of the modulating electron beam 
omission :in response fo the modulating side-nais, 
65 as described heretoïore, The device is subjected 
to an axial.magnetic field, as indicated ai ], thè 
intensity of which may be adjusted o povlde 
maximum magnetron generator efficiency, and 
also the desired type .and degree of modulation 
î0 of the.generated .oscillations as will be described 
in greater detail hereinaïter. The different mag- 
netic field intensifies applied fo different por- 
tions of the device may be provided by tapering 
the pole pieces of the axial magnetic field struc- 
75 ture, not shown, in accordance.Wtth kn0wn tech- 

The Presence of the central cathode and the axial 
magnetic field wfll cause this system to generate 
microwave oscillations of the frequency de- 
termined by the proportions of the parallel reso- 
nators. A travelling electric field will exist on 
the outside tips of the anode vanes, said field hav- 
ing the saine angular velocity as the infernal elec- 
tric field. Electrons drawn to the resonator 
vanes from the outer modulating cathode will 
interact with the outer electric field, thus pro- 
viding frequency or amplitude modulation of the 
generated oscillations. 
Among the objects of the invention are to pro- 
vide improved means for modulatng magnetron 
microwave generators. Another object is fo pro- 
vide improved means for providing frequency 
modulation, amplitude modulation, or both types 
of modulation, of microwave oscfllations gener- 
ated under conditions of magnetron operation . 
A further object of the invention is to provide an 
improved ïnicrowave magnetron structure com- 
plùsing a central cathode, an intermediate anode 
structure having a plurality of adially disposed 
anode vanes, and an external cylindricat modu- 
lating electron beam generating structure opera- 
rive upon the adjacent anode varie tips. Another 
object of the invention is to provide an improved 
microwave generator including means for modu- 
lating either the frequency or the amplitude of 
the generating microwave oscillations wherein 
the.intensity of an axial magnetic field is adjusted 
te provide efficient magnetron generator opera- 
tion, and the desired type of signal modulation of 
the generated, oscillations. 
The invention will be described in greater de- 
rail by. referenc to the accompanying drawings 
of which Figure 1 is a schematic diagram o£ a 
coiventional magnetron generator; Figure 2 is a 
schematic diagram of an inverted magnetron mi- 
cowave generator; Figure 3 is a cross-sectional, 
elevational, partially-schematic view of a rst 
embodiment of the instant invention taken a!ong 
the section line III--III of Fig. 4; Figure 4 is a 
plan, cross-sectional, partially-schematic view, 
taken, along the section line IV--IV of Figure 3, 
of-said first embodiment of the invention; Figure 
5 iS a. fragmentary plan vie)v, taken along the 
section line IV--IV of Figure 3, of a modifica- 
tion of said first embodiment of the invention; 
Fire. 6 is a perspective fragmentsry view of a 
second embodiment of the invention; Figure 7 is 
a cross-sectional, elevational, par.tly sectional 
view of. a preferred modification of said first 
embodiment of the invention; Figure 8 is a side 
elevational cross-sectional view taken along the 
section line VIII--VIII of Figure 7; and Figure 9 
is. a plan cross-sectional view taken along the 
section line IX--IX of Figure 7. Similar forer- 
once characters are applied to simflar elements 
throughout the drawings. 
Referring fo the drawings, Figure 1 illustrates 
schematically a conventional magnetron struc- 
ture comprising a central elongated electron- 
emissive-cathode  surrounded by a plurality of 
 adial anode, vanes 3 and enclosed within an 
evacuated conductive envelope 5 to which the 
radial anode vanes are connected. A source of 
direct-current operating potential is connected 
between anode and cathode in a manner whereby 
tle. anode is positively biased with respect fo 
the cathode. An axdal, constant intensity, mag- 
netic field indicated by the designation 7 is 
pliedto the device from an external magnet 
structure hot shown. The operation of such con- 
venional magnetrons is well kovn in the art 



nique. Modulated microwaves may be derived 
from the device by means of the coupling loop 
9 and coaxial transmission line [3 coupling the 
device to a load, not shown. 
Figure 5 discloses a modification of the device 
described by reference to Figures 3 and 4 wherein 
the modulating electron 5eam structure includes 
a control grid 2@ and one or more beam forming 
grids 3 | having a plurality of apertures 33 aligned 
with the several extended anode vane tips @. 
By biasing the beam forming grid 3 positively 
with respect to the cathode 3§, the electron 
emission therefrom is more eiïiciently directed to 
the extended anode ¢ane tïPs .@ than in Figs. 
and 4. The modulating signal source is con- 
nected betwecn the control grid 39 and the 
cathode 3§ to modulate the lectron emission to 
the extended anode vane tips  9. The concentric 
cathode, .control grid and beam forming grids 
maY be :supported in any desired manner ad- 
jacen to the upwardly projecting anode varie 
tips | 9 and may be of any suitable design to pro- 
vide the desired focussing of the modulating 
electron emission to concentrate said emission on 
the adjacent anode vane tips. 
The device illustrated in Figure 6 is similar to 
that described heretofore by reference to Figures 
 and 4 with the exception that the central 
cathode  does not extend the full axial length of 
the anode vanes 3, and the vanes 3" are extended 
axially of the device to provide effectively axially- 
elongated parallel disposed resonators resonating 
in longitudinal or axial modes. The modulating 
electron beam structure including the cathode 
3§ surrounds the upper portion of the anode 
vanes 3" concentric with the central cathode 
The ends of the anode vanes 3" may be alter- 
nately connected together by vane connectng 
rings as described heretofore. 
leferring fo Figures 7, 8 and 9, a preferred 
embodiment of the invention utflizes a modified 
I%CA type 2J41 microwave magnetron comprising 
an evacuated metallic envelope @ in which is en- 
closed a pair of magnetic iron po]a pieces 4, 43, 
between which are positioned an axially disposed 
indirectly heated cathode | and a coaxial 
sembly of radially dsposed anode vanes 3 sup- 
ported by a heavy transverse metallic block 
mounted on the base @3 oî the envelope . An 
axially adjustable apertured fiat tuning member 
4] is disposed adjacent to one end of the anode 
cavity resonator ,assembly. The tuning member 
4] is fastened to the block 4@ at the point 49 and 
is axially adjusable over a limited range by 
movement of the pn ! secured to the opposite 
eid thereof. The pin @ is flexibly secured to 
the base @3 of the tube envelope, and its location 
is determined by a sët-screw  in a block ] on 
the base 3. The radially disposed anode vanes 
and the block 4@ are cut away as indicated at 
to provide a plurality of-anode vane tips 
around which is disposed a ring-shaped modulat- 
ing electron beam cathode 2. The modulating 
 cathode is surrounded on the three sides re- 
movedfrom the vane tips 9 by a hollow ring- 
shaped shield $ which shields the modulating 
beam cathode from the remainder of the anode 
structure and from the magnetic pole pieces 
and 43. 
The pole pieces 4d., 43 are supported on the 
transverse block 4 by heavy cylindrical insulat- 
ors B, B3 and transverse brackets , . Sep- 
arate terminals are brought out through the 
evacuated envelope for the central cathode .and 
heater connections, as well as for the modulating 

beam cathode 3@ and, if desired, for.thë cathod 
shield 38. If desired, the modulating cathode  
and shield 38 may be connected together inside 
of the tube envelope. The anode vanes 3 are 
{i alternately strapped together, at the end remote 
from the modulating beam cathode 2@, bY a pair 
of concentric rings 33. Modulated microwave 
energy is applied to-a load, not shown, by means 
of a coaxial transmission line 3 extending 
l0 through the envelope and terminated in a cou- 
pling loop 9 disposed within one of the anode 
cavity resonators. The external magnet struc- 
ture, not shown, for supplying the constant in- 
tensity axial magnetic field is closely fltted t0 
15 the device adjacent fo the outer ends of the mag- 
netic pole pieces 4, 4 whereby an axial mag- 
netic field indicated by the arrows ] is provided. 
The operation of the device described in Fig- 
ures 6, 7 and 8 ls in all essential respects similar 
0 to that described heretofore with respect to the 
device fl!ustrated in Figures 3 and 4. 
It has long been known that as a magnetron 
of the multicavity type with a central cathode is 
turned on, the presence of space charges in the 
2 space between the cathode and varie tips pro- 
duces an electronic admittance in shunt with 
the cavities which will change the frequency.of 
the magnetron as it operates. This is known as 
"pushing" and the amount of pushing will in gen- 
S0 eral increase as the current is increased for most 
ranges of application, see "Stabilized Mag- 
netron for Beacon Service" by Donal, Cuccia 
and Brown, RCA Review, June 1947. 
Pushing is due to the fact that as the electrons 
3 circle around the central cathode with increas- 
ing radius as they proceed fo the varie tips due to 
the radial direct current fleld they will interact 
with the inner electric flelds between the anode 
vanes E in Figure 4. Energy will be exchanged, 
40 some electrons giving up energy t0 the fleld E, 
some removing energy from the field EL This 
exchange will go on all the rime and, in a high 
efliciency magnetron, the electrons will bunch as 
they approach the varie tips and will eventually 
45 give up their energy. As this energy exchang- 
ing progresses, the interactions will appear to 
have susceptance as seen by the cavities to an 
extent dependent upon the net energy given up 
and then extracted from the field E during a 
50 complete cycle of oscillation. 
"Pushing" in general is undesirablë but toler- 
able and is inherent in normal magnetrons. In 
this invention, a structure base on an inverted 
magnetron ls incorporated into a normal struc- 
55 ture and will provide a "pushing" mechanism 
which is independent of the central interaction 
space. Essentially speaking, the electrons emit 
ted from the modulating cathode wfll, due to a 
direct current fleld between the modulating cath- 
60 ode and the varie tips, travel toward the varie tips 
and interact with the outer electric fleld, E in 
Fig. 4, which are produced by the oscillations due 
to electrons from the central cathode in normal 
magnetron fashion, and either frequency modu- 
65 lation or amplitude modulation can be obtained. 
This is because as the electrons leave the modu: 
lating cathode in purely random fashion they wfll 
react with the outer flelds E. If they are in the 
presence of a magnetic field of suita5le intensity 
T0 and a suitable direct current field, they will bunch 
after repeated interactions and absorb energy 
from the field E, and amplitude modulation will 
take place. If, using suitable magnetic field and 
direct current fleld, they interact with E so that 
75 no net energy .exchange takes place durlng acycle 
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If the manipulations are carried through, using 
a perturbation method of solution, 
f f Ç.Ao*rdrdO 
2e,o.ffAo..Ao.*rdrdO 

(12) 0n'= 
from which, 
(13) 

2effAon'Aon*rdrd 
, f f Pv.A*rdrd 15 
see Smith and Shuan "Frequency odula- 
tion and Control by Electron Beams." Proceed- 
ings of I. R. E., July 1947, 
where 
2 
is the change in frequency due fo iected elec- 
tro, Q0= is the Q of the caty with he injected 
electro, and the maetron is operating in the 
N 30 
n = mode 
A0* is the conjugate of the vector potenfial, and 
R. P. and I. P. mes the real part and imaginary 
par, respectively. 
Equation '13 represents a small quantity due to 35 
the fact that if is calculated flore the unper- 
turbed field but is valid and stable or this 
 scussion. Substituting Equations 1 and 2 for 
the central cathode regions into Equations 11 and 
12, the requency change  this central cathode 40 
region may be approximated as 
aIgl] / I--I sm nrar 
(15) 
which shows that the p is a Iction o 
, which is the outrent, and oI the static field 50 
conditions. 
%t Is conveent, however, fo perIorm this pu$h- 
ig or loading in the inverted magnetron struc- 
ture region where the static field conditio may 
be approximated: und where the oscillating field 55 
is produced by the central cuthode structe. 
Comparing Equutions 3 and 4 with Equations 
1 and 2, it is seen that the oscillating field 
off less rapidly in passing rom the outer varie 
tips fo the outer cathode thun la passing 
the inner rune tips fo the central cathode. Since 
the crent may be ruade large due fo the lurge 
surface of the outer cathode and due fo the 
that bunchlng muy take place in the region 
tween the outer varie tips and the outer cathode, 
sec Equatioa 8, un expression similar fo Equa- 
tion 15 which muy be derived for this region 
will show that high phi or high loading may 
be uchieved depending oa the value of a. This 
ungle will be controlled by sultuble choices of 
which is deteined by the power into the cen- 
tral cathode region, e maetic field intensiy 
H, und the direct crent radial field betweea 
the outer vans tips and the outer cathode. Once 
the control .parameters are snitably chosen, 

.10 
use of the grid in the outer cathode structure will 
permit further control of the frequency change 
of the energy absorption. 
Some care must be taken that the modulating 
5 structure does hot break into oscillation with 
applied modulating signals due fo the interac- 
tions in the inverted magnetron structure region. 
However, this condition is rather unlikely since 
the inverted magnetron is hot a good oscillator 
due fo the fact that the modes of oscillation may 
overlap and inefficient energy exchange will take 
place. 
Thus he invention described comprises an 
improved method of and means for modulating 
either the frequency or the amplitude, or both, 
of a microwave magnetron generator wherein a 
second electron-emissive cathode is-disposed 
around the periphery of a portion of the mag- 
netron anode cavity varie tips. Electron emls- 
sion from the outer cathode interacts with the 
microwave electric fields established within the 
magnetron cavity resonators, thus inducing out- 
of-phase currents in the anode cavity vanes 
which react upon the generated oscillations. The 
25 type and degree of modulation is dependent 
upon the operating voltages applied to the var- 
ious elements of the device and fo the intensity 
of the app!ied axial magnetic field relative to 
the frequency of the generated oscillations. Mod- 
ulating signals are applied fo the auxiliary elec- 
tron beam generating means fo control the 
amount of electron emission therefrom which 
impinges upon the anode varie tips. A grid-con- 
trolled beam-type modulating structure is dis- 
closed for providing improved control by the ap- 
plied modulating signals. A practical structure 
comprising a modification of an existing type 
magnetr0n tube is disclosed. : 
% claire as my invention: 
1. A magnetron microwave generator includ- 
ing a first electron-emissive cathode, an anode 
disposed adjacent said cathode, means adjacent 
said anode for subjecting electrons from said 
cathode fo a substantially constant intensity 
transverse magnetic field, means cormected-fo 
said cathode and said anode for applying oper- 
ating potentials thereto fo generate microwave 
oscillations on said anode, a second electron- 
emissive cathode surounding a portion of said 
anode, shielding means interposed between said 
second cathode and the remainder of said anode 
for directing electrons emitted by said second 
cathode fo impinge upon said anode portion, 
and means connected fo said second cathode 
and said anode for applying modulating po- 
tentials thereto for controlling said directed 
e!ectrons fo modulate said oscillations. 
2. A magnetron microwave generating sys- 
rem including a first electron-emissive cathode, 
an anode disposed adjacent said cathode, means 
for subjecting electrons from said cathode to 
a substantially constant intensity magnetic 
field, means for applying operating potentials 
fo said anode and cathode fo generate micro- 
wave oscillations on said anode, a second elec- 
tron-emissive cathode surrounding a portion of 
said anode, shielding means interposed between 
said second cathode and the remainder of said 
...anode for directing electrons emitted by said 
70 second cathode fo impinge upon said anode por- 
tion in a direction substantially transverse to 
-said magnetic field, and means for controlling 
said directed electrons fo modulate said oscilla- 
tions. 
7 .. 3. A magne.tr.on microwave generatng-.sys- 



 tm inctudinar etron-emissive=chod n 
 anod dispose. djacent sïid catlîod, means, .for 
subjecting electrons from.,sa-id, ca-thodt0 a.sub 
stantially,constant-intensitY transversemagnetic 
.fleld,:means..for p.plying, operating,-potentils:to 5 
sid-,-node nd.cathode-to generte,.microwve 
 oscit]i0ns orç sid anode,: an electron- source 
str«:o.uning. .. portion, of,- said anode moins 
 eonnect .ed: to;sid" source.-foz. direttng:.electrons 
emited.by., , sald  source..to impi-nge upon, sid 
nder means-for- subecting«-the..electron$from 
said source to a transverse magnetic flotd  of 
 " sueh., irtensty th-- sid eletrons do not:. ab- 
" scl energy., from. said:- microwav.., oscil]aions 
. cur:i.ng.oe.cycie, of«said. oscillations;- whezeby:'.sid 1.5 
etectrons constitut a pure.reactive..load on«sid 
anteï- and- modu-ltiorr signl: input'-.mean:colv- 
 neteP fo- sid  elecçron sourcez-for controlling 
 siddireeted, eletons, to-modu1te :the:frequency 
of-" sid:; oscillations, 20' 
4..: A- magnetrer.- microwave- generating-, system 
iclttdng,  an, eletronemssive cathode; an anode 
dïsposed: .adjacent" said- cathod means- for. sub 
jectiirg..electrons'- frein, said cabh0de, to a. sub- 
stantïlly constan intensity transverse mag 25 
 netic-- fleld, means for applying operating, po- 
- tentils.ç to. said anode and- cthode, to generate 
mirov¢ave-oscillations on said  anode, an elec- 
ron source-,sur.roundng-a i portion of'sa-id anode, 
-mens.,-connected to said: source for. dïrecting 
elëctr0ns.emittedbysaid:source'to .impinge upon 
sad':- anode4: mean :f0r.-.sùbjectin-the etectrons 
from:.:safd source toa transvezse magnetic-flêld 
o: sc!' tntensitF tha said electrons absorb 
enÇy  r_om.- sid microwae-, oscillations: and 
modïfftion=signalïinput-.means connected"to sa£d 
etëctr.orr: source for-controtllng, saidî dlrected 
electrons to modulate=.the-'a:mpli.tudeoî'sad!os  
cil]ations. 
5,.  magnetron-.microwave: generator includ- 40 
ing-a flrs-electron-emissiv e cathode, s plurallty 
of!rlially, disposed: cvity-resonator, anodes dis- 
pesed.: around' nd  djacent- to- said- cathode, 
mens-.adjacent said anode-for- subjectif- elec 
trn :from: sa-id« cathode--to  a:: substantiatly:: con-. 
stant- intensity transverse magneti-fletd;- mea-ns 
conneeted fo  sid cathode-- and: said  anode: for. 
applying operating potentials theretg-to gen 
ertè-mierowve oscill'ations: in said? resonator 
anodes: a second- electron-emissive cathode" sur- 
rounding a ortion ofsaid- anodes; shielding 
mans interposed between said second  cathode 
and--the remainder of-said nodes for directing 
èlectrons--emitted by said" second cathode, fo ira- 
pin_ge uppn-sid portion of saidï anodes, and 55 
means.-corm¢cted to said second  cathode and 
said anode- for-. applying, modùlating potentia-ls 
tler_for_-controlling sid directedï electrons fo 
modutte- said: oscilltions. 
6:' A mgnetron m-lcrowave-generting s,stom 
inctding--a: ffrst, electronemissive cthode a 
l.u.rlty of- radiatly.- dlsposed cavit' resonator 
anodes-, disposed: around  and adjacent- fo, said 
c_thode, means for-. subjecting: electrons from 
sid cthode t a  substantially: constant :intens- 65 
ity-magnetic- fleld; meansf 0r aPpl:ing oP erating 
potentia-ls--t said. anodes and' cathode: to gen- 
ërte- m-icowve oscilltions, in'. said- resonator 
amodes, a" second, eleetron-emissve: csthode-.:sur- 
rundhag - a: portion, o-" ssid anodes; shielding 
meaïs, interposed  beween said : second cathode 
and:-,tte reminder-of said anodes for. directing 
elecçronsemitted by saidsecond"cathode to im- 
pinge upon said portion of said anodes: in- a 
direction  transverseto: said magneic,fleld, and 

mean.f0r.-: controll!n said'dtrectedi electrens, fo 
modulate satd Oscfllïtions 
7. A magnetron micçvç generating system 
inclung a flrstel¢¢ronrsive cathode, a plu- 
rality of radially-dspoaedeavity-roDr a 
disposed oun:.and. ajççn  said cathode, 
means for subjecting electro from said cathode 
to a subsantially constant ensi: trs 
magnetic eld, mea..for applying operatg 
tentials to said ae and cathode fo generate 
microwave- oscitlatie»s.in- said resonato 
a plal!-  of eLectn bea::sources surrounding 
a portion of said anodes, shielng mea inter- 
posed between said spces and the remader of 
said anodes f0r.:.doeecçmg electrons, emitted by 
each of said,,sour¢«t0.:impg-un:id 
of said ano_des, d,m.as for conçrolling said 
directed electrons ,modula said oscillaons, 
rive anodes OEsposed ar_oud 
cent ones of said anodes forng a plurality of 
cavity resonars and each of said anodes includ- 
ing a projecting portion subsntially separate 
from said resonators, a second electron-emRsive 
cathode:. Surounng said. prjecg poi of 
sd  ,ad shietding:ïmes ,interposed.b¢.- 
tee:n sd: second, cathede, and he. emdr f 
said anodes for directinglectrons etted by said 
second cathode to pgç_upon said projectg 
portio of said anodes. 
9. A:mcroavetubednc!uding first, electrnr 
eisye, ca-hod¢: a :plurlitF. f, radltFç spose.d 
conductive anodes sposed arou!d., sid cathode, 
osçosido.des:.fmg a urlityof:cTity 
rqnaos«.a.oE:ch_ of:: said_:nodes includingï a 
pr_jçtg;ï P9r$i subsaçial( sepae. 
ode surrong ad: projng_.porona o,f:sid 
anodes and shieldg means interposed betveen 
said sec0n_.cahod, and th¢ remainder of said 
anodes for directing .elecns emitted by said 
second cathod  impge upon said-projecçing 
portio of said.no. 
10. A microwye-.çub¢inclung a first electron- 
emissive ,cathode, a plality of radially dposed 
oo.dCiy nodes disppsed .ar0nd said: cathode, 
. ade.ent: o,nes. of:.sa-danodes forming  p!ur£Y 
of caty resonators and each of said,.inr 
c!dng, a.-pojcing portion subsfilly sep- 
re_ fro, m: Said res0nars, a :second- ectronr 
esi,hodsurro-unding:said pç,oj ecing pr.- 
ios: :i:çod¢ an& ielding: me interr 
po$e..,b.w,een: said: second-.cahode and- said 
n:or:eEectiçelF iseli,said sond.,cth- 
o_:. esq f:em: the: fields within said::resona- 
 1. m-rove)tube.cl'ung_ a:firs-elect°nr 
emlie:, chCd»  pluriy;, of:.ially:.dposed 
conductivezaoes: dposed:around-said, cathode, 
adJ.acent:oeof:said-anodesrfoig a.-purity 
of: caity:esnts/,:and ,each,..of: said- ansinr 
cl  p¢tig.ï poçtien, subsaniy« ,sep 
e from.:aiçreonars, a plaliy of el¢ctron 
beam: sourceAç.surrog said: poj¢cng prr 
beee-n .sloE oKçoEs ad« th r,madr 9f said 
. anodesç fb- dr.eig electrons emitte by,. each 
of saoEd, souc:to:-impingupon one,.  said, 
jectg: pertio-of:said- a-ndes,, 
12 A magnetron, mcrowa-ye'genertg-system 
incng:m.fist- electron - emsive cathode,,plur 
. riy' of,rdill dsoE-¢çdcçiye -anodes d  
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posed adjacent said cathode, adjacent ones of said 
anodes forming a plurality of cavity resonators 
and each of said anodes including a projectîng 
portion substantially separate from said resona- 
tors, means for subjecting electrons emitted from 
said cathode to a substantially constant inten- 
sity magnetic field, means for applying operat- 
ing potentials to said anodes and cathode to gen- 
erate microwave oscillations on said anodes and 
in said resonators, a second electron-emissive 
cathode surrounding said projecting portions of 
said anodes and effectively isolated from said 
resonators, shielding means interpesed between 
said second cathode and the remainder of said 
anodes for directing electrons emitted by said 
second cathode to impinge upon said projecting 
portions of said anodes in a direction transverse 
to said magnetic fleld to interact with said oscil- 
lations on said anodes, and means for controlling 
said directed electrons to modulate said oscilla- 
tions. 
13. A magnetron microwave generating system 
including a first electron-emissive .cathode, a plu- 
rality of radially disposed conductive anodes dis- 
posed adjacent said cathode, adjacent or.es of 
said anodes forming a plurality of substantially 
parallel .disposed cavity resonators operative in 
axial modes, meansfor subjecting electrons 
emitted from said cathode to an axial substan- 
tially .constant intensity magnetic fleld, means 
for applying operating potentials to said anodes 
and cathode fo generate microwave oscillations 
on said anodes and in said resonators, a second 
electron-emissive cathode surrounding said 
anodes and operative upon the traveling micro- 
wave field on the peripheries of said anodes, 
shielding means interpesed between said second 
cathode and the remainder of said anodes for 
directing electrons emitted by said second cath- 
ode to impinge upon said peripheral portions of 
said anodes in a direction transverse to said mag- 
netic field to interact with said traveling micro- 
wave fields thereon, and means for controlling 
said directed electrons to modulate said oscilla- 
tions. 
14. A microwave tube including a first elec- 
tron-emissive cathode, a plurality of radially dis- 
posed conductive anodes disposed around said 
cathode, adjacent ones of said anodes forming a 
plurality of radially dispose.d cavity resonators 
and each of said anodes including an axially pro- 
jecting portion substantially separate from said 
resonators, .a second electron-emissive cathode 
surrounding said projecting portions of said an- 
odes, a support for said second cathode inter- 
posed between said second cathode and the 
remainder of said anodes and effectively shielding 
electron emission from said second cathode from 
the microwave fields within said .resonators and 
for directing elictrons emitted by said second 
cathode to impinge upon said proJecting portions 
of said anodes. 
15. A magnetron microwave generating system 
including a first electron-emissive cathode,  plu- 
rality of radially disposed conductive anodes 
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alternately connected together and disposed ad- 
jacent said cathode, adjacent ones of said anodes 
forming a plurality of radially disposed cavity 
resonators and each of said anodes including an 
5 axially projecting portion substantially separate 
from said resonators, means for subjecting elec- 
tr0ns emitted from said cathode fo a substantially 
constant intensity magnetic field, means for 
applying operating potentials to sald anodes and 
lO cathode to establish microwave flelds between 
said projecting portions of adjacent ones of said 
anodes and in said resonators, a second electron- 
emissive cathode surrounding said projecting 
!oortions of sald anodes and shielding means 
15 inter!oosed between said second cathode and the 
remainder of said anodes for directing electrons 
emitted by said second cathode to impinge upon 
said !orojecting portions of said anodes in a direc- 
tion transverse fo said magnetic fleld to interact 
2o with said fields between said projecting portions 
of said anodes, and means for controlling simul- 
taneously the energy of said directed electrons to 
modulate said oscillations. 
16. A microwave tube comprising a central 
25 cathode, an anode surrounding said cathode and 
comprising axially extending portions and radi- 
 ally extending portions, a second cathode insu- 
lated from said central cathode and said anode 
andsurrounding said axially extending portions 
3o of said anode and a shield interposed between 
said second cathode and said radially extending 
portions of said anode. 
17. A tube according to claire 16 including 
means connected to said anode and cathodes for 
35 applying separate operating potentials thereto 
- and means adjacent said anode for applying an 
axial magnetic field to said cathodes and anode. 
18. A microwave tube comprising an elongated 
central cathode, an anode comprising a plurality 
4O of conductive vanes surrounding said cathode, 
each of said vanes comprising a radially extend- 
ing portion and an axially extending portion, 
adjacent ones of said vanes forming cavity reso- 
nators tuned to the operating microwave fre- 
:45 quency, a second cathode surrounding said 
ally extending portions, a shield interposed be- 
tween said second cathode and said radially 
tending portions, means connected to said anode 
and cathodes for applying separate operating 
50 potentials thereto, and means adjacent said an- 
ode for _applying an axial magnetic tleld to said 
cathodes and anode. 
CARMEN L. CUCCIA. 
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